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Abstract 
We demonstrate the near-field scanning optical microscope (NSOM) lithography in the non-contact mode as an effective optical 
method for fabrication of the two-dimensional (2D) submicrometer structures in photoresist layer. The patterning of the 
structures using NSOM is done through a direct writing process, which is performed by the optical near-field produced at the tip 
of a fiber probe. We employ the non-contact NSOM lithography using a metal coated fiber tip with submicrometer aperture in 
combination with 3D nanoposition piezosystem working in two modes. Such prepared 2D structures in thin photoresist layer on 
the GaAs substrate have either a typical hole array character or any desired 2D arrangement. By the optical and scanning probe 
diagnostics, the submicrometer hole diameter is demonstrated.  
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1. Introduction 
In the last few years, much attention has been given to submicrometer devices for application in microelectronics, 
optoelectronics and photonics. These applications started intensive research on fabrication submicrometer periodic 
structures known as photonic structures. The photonic structures with submicrometer period enable to change the 
optical and electrical properties of conventional optic and optoelectronic devices.  
The periodic structures can be fabricated by different ways using radiation based and non-radiation based 
techniques. One of the non-radiation based techniques is nanoimprint lithography (NIL). Compared with radiation 
based nanopatterning, it has few advantages due to fundamentally different physical principles [1]. However, NIL 
needs a mechanical mold to shape a material into features. This mold is standardly prepared by one of the radiation 
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based techniques as photolithography, electron beam lithography [2], holographic lithography [1, 3] or near-field 
scanning optical microscope (NSOM) lithography [4 – 6]. 
NSOM lithography has several advantages over the other radiation-based techniques. Patterning of 
nanostructures is done through a direct writing process which is performed by the optical near-field produced at the 
tip of a fiber probe. Therefore, the fabrication of nanostructures in a size below diffraction limit of the light source, 
that poses the ultimate resolution limit in conventional optical lithography, is possible [4]. Also there is no need for 
mask preparation as in photolithography, and the patterning can be performed in air. On the other hand, as the 
interaction between the optical near-field and the sample surface is a photochemical process, conventional materials 
used in far-field optical lithography, for example photoresist, can be used [4].  
In this work we present possibilities of non-contact NSOM lithography, where the fiber probe realizes the 3D 
movement over the sample without touching it, in order to extend the operating lifetime of the probe. Using 
a home-made PC program, the non-contact NSOM lithography is an effective optical technique for preparation of 
the two-dimensional (2D) periodic structures, as well as the structures with any desired 2D arrangement in thin 
photoresist layer deposited on GaAs surface. The new NSOM experimental stage was arranged with the 
metal-coated fiber tip as a probe. The 2D patterns were prepared using this technique in the thin photoresist layer 
and finally they were investigated by optical and atomic force microscope. 
2. Experimental 
We focused on experimental investigations of NSOM lithography for preparation of structures using a 
conventional nanoposition stage and a fiber probe. Schematic diagram of the experimental arrangement is shown in 
Fig. 1. A 473 nm continuous wave DPSS laser was used as the light source. The laser beam was focused into 
conventional optical fiber, which was coupled to the fiber probe. The non-contact mode of NSOM lithography was 
performed, where the fiber was fixed on the 3D nanoposition piezosystem to realize the 3D movement of the fiber 
probe over the sample. 
As a fiber probe, a home-made fiber tip with a submicrometer aperture on the output side was used. It was 
prepared by pulling of the conventional optical fiber in a small flame to a submicrometer fiber tip and finally metal-
coated by Ag evaporation. 
The positive photoresist AZ 5214E was used for patterning. For sample preparation, the 600 nm thick photoresist 
film was spin-coated on a GaAs substrate with post-baking at 65 oC for 2 minutes and at 103 oC for 3 minutes to 
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Fig. 1:  Experimental arrangement for non-contact NSOM lithography. 
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a)                                                                                             b) 
Fig. 2:  Optical microscope images of a) 2D periodic structure with 2.5 Pm period in both directions, b) 2D structure with 
irregular arrangement. 
 
Patterning of the photoresist was carried out by moving the fiber probe over the sample while the laser light 
irradiated the sample through the fiber probe aperture at desired positions. The exposition time was controlled by a 
PC program created in LabVIEW environment. After exposure, the sample was developed in AZ 400K developer 
for 30 s and rinsed in DI water. The structure quality was examined by employment of optical microscope 
Olympus BX 51 and the atomic force microscope (AFM). 
3. Results and discussion 
The LabVIEW program synchronizes the fiber tip motion (in plane motion of the fiber probe over the sample) 
and the exposure time (the laser modulation). The scanning range of the nanoposition system is 20 x 20 ȝm2 and the 
movement accuracy is less than 5 nm. 
The program works in two modes, automatic mode and manual mode. Use of the automatic mode leads to the 
preparation of 2D periodic structure with square symmetry. By definition of the pitch step in two perpendicular 
directions, the 2D periodic structure as an array of holes is created. The manual mode of the program allows the 
exposure of any desired 2D structure with respect to the nanoposition system limits. Examples of the periodic 
structure and the structure with irregular arrangement are shown in the Fig. 2 a) and b), respectively. 
Further analyses of the prepared 2D structures were performed on periodic structures. As the resolution of the 
optical microscope for such structures is not sufficient, a scanning probe diagnostic is required. In the Fig. 3, there is 
shown the AFM image of prepared structure with the 2.5 Pm period.  
The line profile in the Fig. 4 documents the hole diameter less than 1 Pm and the depth of the structure of 80 nm. 
From this line profile analysis it is visible, that the hole edges are oblique and the bottom is sharp. It is caused by the 
nearly Gaussian shape of the exposing optical field irradiated from the fiber probe. Then the most intensive optical 
field is in the exposure area center. To avoid this effect, the exposure conditions should be optimized in the future. 
 
 
Fig. 3: AFM image of the prepared 2D periodic structure with 2.5 Pm period in both directions. 
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Fig. 4: AFM image analysis (line profile) of the prepared 2D periodic structure. 
4. Conclusion 
The subject of the paper interest was the investigation of the non-contact NSOM lithography as a promising 
technique for fabrication of the 2D structures in thin photoresist film. Using two different working modes in our 
experimental setup either a periodic structure (array of holes with square symmetry) or a 2D structure with irregular 
arrangement (any desired holes arrangement within the nanoposition system limits) can be designed.  
The AFM analysis demonstrated the submicrometer resolution of prepared structures. Still this technique has 
wide possibilities and optimization of the exposure conditions favours it to preparation of the structures with open 
area diameter of few hundreds of nanometers, which may be attractive in the field of photonics and optoelectronics 
applications. 
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